Abstract In the present study, 68 fishes were infested out of 544 specimens examined from six different species of Carangid fishes which were collected from Parangipettai coastal waters. Eight species of parasitic copepods were found on gill filaments, body surface and nasal capsule regions. The maximum prevalence was recorded in Carangoides malabaricus (22.5 %) and minimum was noticed in (2.4 %) Selaroides leptolepis. The intensity of infection ranged from 1 to 1.2. Thus, considerable variation in the respiratory area was observed owing to the attachment of parasites in the infected fishes. Caligus sp. and C. epidemicus parasites were attached to body surface and only one Sphyriid sp. parasites were found in nasal capsule region. It is very difficult to estimate the actual harm to fish caused by the presence of parasites; if this is uneasy in cultured fish, it is almost impossible in feral fish populations. It should also be emphasized that the presence of a parasite does not necessarily imply manifestation of a disease. In aquaculture, some parasites are able to reproduce rapidly and heavily infect a large proportion of fish which may lead to diseases with significant economic consequences.
Introduction
The diversity of parasitic copepods reported from deep mesopelagic and bathypelagic fish hosts is extremely low. Parasitic copepods are commonly found in cultured and wild marine fishes (Vinoth et al. 2010; Rameshkumar and Ravichandran 2013; Jones et al. 2012 ). In the aquaculture industry throughout the world, these parasitic copepods, particularly the family Caligidae, are important as pathogens causing heavy mortality or acting as disease inducers, by creating a portal for entry of bacterial or other pathogens (Johnson et al. 2004) .
The gills are a favorite site for the attachment of several parasitic copepods. They damage the gills by feeding on the delicate tissue of the gill lamellae or on the blood circulating within the lamellae, leading to a loss of respiratory surface area (Lester and Hayward 2006) . There is extensive gill damage and severe haemorrhage, with inflammation and exsanguination associated with the attachment and feeding of the copepod (Lester and Hayward 2006) . This, nowadays, has become a major problem in identification and treatment of parasites and diseases in the rapidly developing mariculture industry (Roza et al. 2002) . More recently (Vinoth et al. 2010 ) recorded 12 species of parasitic copepods from the gill region of Sea bass in Vellar estuarine waters. But no detailed study on the infestation of copepods parasites in Carangid fishes of Parangipettai waters. The present study is the investigation on occurrence and infestation of copepod from Carangid species from Parangipettai coast.
Material and methods
During a routine observation of the Carangid fishery in the Parangipettai (11°29 0 N; 79°46 0 E) an interesting incidence of parasitisation in Carangid fishes was observed. Fishes were thoroughly checked for parasitic infection in the body surface, fins, head, gill filaments, oral cavities and other tissue also examined. Each fish was examined microscopically for the presence of parasitic crustaceans based on a method described by (Kabata 1985; Ravichandran et al. 2007 ). The collection and preservation methodology for crustacean parasites was followed by Pritchard and Kruse (1982) . Copepod identification was based on morphological features according to Yamaguti (1963) , Kabata (1979) , Pillai (1985) , Sirikanchana (2003) , Ho and Kim (2004) . Prevalence and mean intensity of each parasitic species were determined as in Margolis et al. (1982) .
Respiratory surface area
The influence of infestation in respiratory surface area of the gill arch of infected and uninfected fish were carefully dissected out and blotted to remove the moisture. The imprint drawing of each gill arch on millimeter graph was used to calculate the surface area of the gill arch. The surface area of each tracing was determined by counting the number of small squares and the total area was obtained. The value was taken and doubled to consider the total functioning of the gill arch. The total surface area of the gill arch of both infected and uninfected fish was compared and then area was considered as reduction of respiratory area due to infestation.
Gill rack count
The average gill rack count of the 1st, 2nd and 3rd gill arch of infested fishes were taken. The data collected were tabulated and variation in the gill raker count as a function of infestation was recounted.
Results

Infestation of fishes
In the present study, 68 fishes were infested out of 544 specimens examined from six different species of Carangid fishes which were collected from Parangipettai coastal waters (Table 1) . Eight species of parasitic copepods were found on gill filaments, body surface and nasal capsule regions. These eight species belong to three genera Bomolochidae, Caligidae and Sphyriidae. Caligus sp. (26) was found in highest number followed by C. epidemicus (17), Holobomolochus chilensis (13), Parabomolochus bellones (10) and Bomolochus sp. (8) which infested 23, 16, 11, 7, 8 species of Carangid fishes respectively (Table 2) . While Nothobomolochus sp., P. cuneatus and Sphyriid sp.
were found in minimum (1) of Carangid fishes. The prevalence and intensity of copepod parasites on Carangid fishes are presented in Table 3 . Maximum prevalence was recorded in C. malabaricus (22.5 %) and minimum of (2.4) was noticed in Selaroides leptolepis (Fig. 1) .
Mode of attachment of parasitic copepods
The distribution of copepod parasites in different species of Carangid fishes was reported. Maximum infection was recorded in C. malabaricus in the gill region and minimum was recorded in Carangoides sp. (gill region) and S. leptolepis in the nasal capsule.
Respiratory surface
Variation in the respiratory surface area of fish owing to the infestation of copepod parasites (Caligus sp., C. epidemicus, Bomolochus sp., H. chilensis, P. bellones, P.cuneatus, N. sp. and Sphyriid sp.) were studied ( Fig. 2 ). Detailed study of respiratory surface area due to the infestation of copepods in Carangid fishes was carried out (Table 4 ). The maximum numbers of copepods (38) was noticed in the first gill arch and minimum numbers of copepods (5) was found in the fourth gill arch and 16 numbers of copepods were found in the second gill arch and seven numbers of copepods were found in the third gill arch. Thus, considerable variation in the respiratory area was observed owing to the attachment of parasites in the infected fishes. Caligus sp. and C. epidemicus parasites were attached body surface (10) and only one Sphyriid sp. parasites were found in nasal capsule region. The infested fish had extremely pale gills, indicating the gill rakers were seriously lost, apical damage and out off gill lamellae were deployed. Some secondary gill lamellae were fused or thickened. Gill lamellae of the first and second arches of gill were found to be eroded due to parasites and the damage was found to be concentrated towards posterior position. Several damage have observed in the host of fishes, gill damage was major effect when a large section of filaments was destroyed and gill arch broken.
Discussion
Caligus fortis was first reported by Kabata (1965) from the nostrils of a yellow spotted trevally C. fulvoguttatus (Forsskal) reported as C. emburyi (Whitley) by Kabata (1965) caught off Green Island, Queensland. It was subsequently found in the nasal cavities of an unidentified jack (Caranx sp.) collected from Trivandrum, India by Prabha and Pillai (1986) . In this study, Sphyriid sp. was found in the Nasal capsule of S. leptolepis.
Caligus robustus was circumglobal in distribution, occurring on the carangid fishes in the tropical and subtropical oceans (Cressey 1991) . However, it seems to be rare off Taiwan. C. robustus has a broader distribution than C. fortis. It has been reported from off Sri Lanka by Bassett-Smith (1898) and Kirtisinghe (1964) , from Jamaica by Wilson (1913) , from off Mauritania by Brian (1924) , from the Gulf of Mexico by Bere (1936) and Causey (1953) , from off India by Pillai (1985) , and from off Borneo, the Celebes and the Philippines by Cressey (1991) . The present study has reported the infestation of parasitic copepods on gills and Nasal capsule of Carangid fishes from Parangipettai coastal environments. Parasitic copepods especially C. epidemicus having a broader distribution than Caligus spp. were reported in the Parangipettai waters.
According to Boxshall and Halsey (2004) , Caligid, Ergasilid, and Lernanthropid copepods are known as common parasites of shallow water fish. Copepods of the
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Nothobomolochus sp. P. cuneatus Sphyriid sp. family Ergasilidae are mostly known as freshwater parasites, and only few species are known from the brackish water or marine environment (Boxshall and Halsey 2004 (Hallett and Roubal 1995) have been reported to be over disposed in their host populations. In this study, C. epidemicus were found in maximum number of C.malabaricus and P.niger fishes. Three species of parasitic copepods, one each from the Siphonostomatoid families Lernanthropidae and Lernaeopodidae and one from the Cyclopoid family Bomolochidae, are redescribed based on material collected from the gills of four fish species belonging to the family Clupeidae caught from coastal waters off Alexandria, Egypt (El-Rashidy and Boxshall 2010). Caligidae currently accommodates 33 genera, 445 species, more than 75 % are members of Caligus (239 spp.) and Lepeophtheirus (107 spp.) (Ho 2000) . Caligus spp. is dominant on marine teleost fishes (Kabata 1979) . In the present study, Caligidae has been found on body and gills of Carangid fishes. Many fish genera in this study had same parasites as found in India (Pillai 1985) . Many factors have been suggested to influence the aggregation of parasite burdens (Quinnell et al. 1995) . However, host resistance and behaviour are considered as important in generating variable parasite burdens (Tanguay and Scott 1992) , and host susceptibility is proposed to explain the higher infection levels of E. briani in bream Abramis brama and tench Tinca tinca (Alston and Lewis 1994) . C.malabaricus was infested with 4 copepod species and showed the highest percentage parasitic infestation followed by other Carangid species of parasitic infestation, respectively.
H. chilensis P. bellones
Within the present study two species of Caligidae copepods were recorded from Parangipettai; five of them belonging to Bomolochidae and one species probably represents a Sphyriidae genus. Yuniar et al. (2007) reported Mugil cephalus, Scatophagus argus, Eleutheronema tetradactylum, and Johnius coitor had a species-rich copepod fauna. Six parasitic copepods were recorded from M. cephalus. Even though this fish species has a wide distribution and has been well studied for copepod parasites (e.g., Paperna and Overstreet 1981; El-Rashidy and Boxshall 1999) , several copepods from the study represent new host records. Parasitic copepod Pseudocycnus appendiculatus at their gill filaments and this report documents a new record of the Andaman Sea, Thailand Purivirojkul et al. 2011) . Six species of copepods belonging to the Lernanthropidae were found parasitic on the gill filaments of six species of marine fishes of Taiwan (Ho et al. 2011) . A new species of Ergasilus boleophthalmi parasitic on the gills of two gobiid fishes Boleophthalmus dussumieri and Bathygobius fuscus from Shatt Al-Basrah Canal, Iraq, was described (Thamir et al. 2011) . In the present study eight species of parasitic copepods were recorded from Carangid fishes.
A parasitic copepods study of Algerian teleost fish, report 25 copepod species belonging to eight families harvested from the gills of 14 fish species (Boualleg et al. 2011) . C. elongatus has been recorded from more than 100 host species, both teleosts and even elasmobranchs, belonging to 47 families (Williams and Williams 1996) . Yuniar et al. (2007) reported, seven out of eight fish species were infested with Caligus spp. The results of the present study also agree with the earlier works. In the present study it is reported that eight out of six fish species were infested belonging to three genera of copepods. According to Moller and Anders (1986) , pranzia stages were recorded to infest a high number of different fish species. Most copepods from Segara Anakan were host-specific, with 19 species infesting only a single host fish species (Yuniar et al. 2007 ). The present study result also shows that C. epidermicus have the character of broad host specificity. It infects two different Carangid fish species but the host specificity of Bomolochus sp., H. chilensis, Nothobomolochus sp. and Sphyriid sp. was very narrow. Both the species are found to infest only the host fishes of Alepes sp., Gnathanodon speciosus, Caligus sp. and S. leptolepis. Host parasite relation is the outcome of the interaction of three factors: the host, the parasite and the environment (Moller 1985) .
Prevalence and intensity of parasitic copepods on fish can vary with habitat, season, and host size (Hudson et al. 1994) . The prevalence of infection in Saginaw Bay was not as high as in the Alabama ponds, where 100 % of the fishes were infected (Hayden and Rogers 1998) . Mugridge et al. (1982) found 50-250 parasites/fish in British ponds and suggested that the reduced growth rate of roach may be caused by Neoergasilus japonicus. Ponyi and Molnar (1969) noted severe infections of N. japonicus in Hungary but provided no details on the intensity or effects. Effects of a parasitic copepod on the larval growth of the Chilean triplefin H. chilensis (Tripterygiidae) based on the microstructure of the sagittal otoliths (Palacios-Fuentes et al. 2012) . There are reports that the low prevalence of L. branchialis in offshore areas might be attributed to the fact that infected fish remain close to shore (Sproston and Hartley 1941; Kabata 1958) . In this study it is reported that the prevalence was maximum in C. malabaricus and minimum was noticed in S. leptolepis and mean intensity of parasitic copepods on fish vary from 1 to 1.2.
First gill arch preference has been previously reported for microcotylids (El Hafidi et al. 1998) , as well as naobranchiids (Roubal, 1999) , and it is known that abiotic factors affect the abundance of some monogeneans and copepods (Barker and Cone, 2000) . Although less oxygenated and less ventilated than the posterior arches (Hughes and Morgan 1973) , gill arch I is where the current flow is minimal (Paling, 1967) and thus, where monogeneans may be the least precariously attached as suggested by El Hafidi et al. (1998) . The parasitic copepod Haemobaphes diceraus was found localized on the isthmus of two specimens of the walleye pollock Theragra chalcogramma In both cases, the parasite directly penetrated the heart, without entering the blood vessels (Yu and Poltev 2010) . In the present case, maximum reduction in respiratory surface area was noticed in the first gill compared to other gill arches. The explanation should be considered with caution, since specimens of Metamicrocotyla macracantha can secure them by coiling around gill filaments (Baker et al. 2005) . Further, some other microcotylids do not exhibit such a preference for the first arch (Lyndon and Vidal-Martinez 1994; Geets et al. 1997) . A preference for gill arch I among naobranchiids has neither been investigated nor explained in previous studies. Kabata (1988) reported the adult naobranchiids display a secure mode of attachment, by firmly embracing the individual gill filaments using their modified second maxillae, it is not excluded that larvae are precariously attached when they first settle on the gills. In the present investigation highest number of copepods was attached in gill filament. These parasitic copepods with neutral interactions have occurred in the first two arches and have decreased in the third and fourth gill arches.
Fish parasites are an integral part of water ecosystem and they are common in natural and cultured populations of fish. In natural conditions, most parasites do not tend to severely injure their hosts and cause mortalities which affect the population size at detectable levels. It is very difficult to estimate the actual harm to fish caused by the presence of parasites; if this is uneasy in cultured fish, it is almost impossible in feral fish populations. It should also be emphasized that the presence of a parasite does not necessarily imply manifestation of a disease. Diseases caused by parasites are much more frequently manifested in cultured fish, which suffer from artificial conditions and numerous stress factors that influence their ability to effectively protect themselves against parasitic infections. In aquaculture, some parasites are able to reproduce rapidly and heavily infect a large proportion of fish which may lead to diseases with significant economic consequences.
